Activated carbon produced from fluted pumpkin (Telfairia occidentalis) seed shell was utilized for the removal of lead (II) ion from simulated wastewater. Adsorption tests were carried out in series of batch adsorption experiments. Several kinetic models (Bhattacharya-Venkobacher, Elovich, pseudo first and second order, intra-particle and film diffusion) were tasted for conformity to the experimental data obtained. The Langmuir and Freundlich adsorption models were also used to test the data. The amount of lead (II) ion adsorbed at equilibrium from a 200 mg/L solute concentration was 14.286 mg/g. The experimental data conform very well to the pseudo-second order equation where equilibrium adsorption capacities increased with increasing initial lead (II) concentration. The rate of the adsorption process was controlled by the film (boundary layer) diffusion as the film diffusion co-efficient values obtained from data analysis were of the order of 10 6 cm 2 /s. From the plots, the linear regression coefficient (R 2 ) of the Langmuir model was higher than that of the Freundlich: the adsorption isotherm obeyed the Langmuir model better than the Freundlich model.
INTRODUCTION
In recent years, increasing awareness of water pollution and its far reaching effects has prompted concerted efforts towards pollution abatement (Donmez et al., 1999; Igbinosa and Okoh, 2009) . The rate at which effluents are discharged into the environment and water bodies, has been on the increase due to rapid growth of cities in the world. Generally, water bodies are major sites of heavy metal deposits due to the fact that streams and rivers flow through agricultural areas where pesticides and fungicides may have been used, through industrial districts where there may have been many metal waste deposits or direct discharge of effluents into these water bodies (Malakootian et al., 2009) . These metal pollutants are conservative contaminants that are not easily biodegradable chemically or biologically. They are therefore permanent chemical overload in the environment (El-Nady and Atta, 1996) . When these metals are present in significant quantities in the environment, they constitute source of pollution and pollutants and pose threat to the environment, human, animal and aquatic lives. Removal of trace amounts of heavy metal ions from wastewater and drinking water is of great importance due to their high toxicity (Abdel-Ghani and Elchaghaby, 2007; Abdel-Ghani et al., 2009; Resmi et al., 2010) .
Lead is of heavy metals with high toxicity when in excess. In children, lead causes a decrease in intelligent quotient (IQ) score, retardation of physical growth, hearing impairment, impaired learning, as well as decreased attention and classroom performance. In individuals of all ages, lead can cause anaemia, kidney malfunction, brain diseases and impaired function of peripheral nervous system, high blood pressure, reproduction abnormality, developmental defects, abnormal vitamin D metabolism, colic-like abnormal pains, dementia, madness and, in some situations, death (Okoro and Ejike, 2007) . Lead as Pb 2+ ion has a large affinity for the thio (-SH) and phosphate ion (PO 4 ) containing enzymes, ligands and biomolecules, thereby, inhibiting the biosynthesis of haeme units, affecting membrane permeability of kidney, liver and brain cells. These result in either reduced functions or complete breakdown of these organs. Lead forms complexes with oxo-groups in enzymes to affect virtually all steps in the process of heamoglobin synthesis and porphyrin metabolism (Ademoroti, 1996) .
Adsorption is one of the easiest, safest and most cost-effective methods for the removal of these metals (Balkose and Baltacioglu, 1992; Shah et al., 2009; Rahmani et al., 2009 ). The major advantage of an adsorption system for water pollution control are less investment in terms of both initial cost and land, simple design and easy operation and no effect of toxic substances compared to conventional biological treatment processes (Markovska et al, 2006) . Activated carbon has been used as an adsorbent for removal of heavy metal pollutants from wastewater and has proved to be effective (Gueu, et al., 2007; Goyal et al., 2008) . This is due to its good adsorption properties which depend on its well developed porous structure and large active surface area (Kang et al., 2008) . Also, it can be produced from cheap and locally available materials (Ochonogor and Ejikeme, 2005; Ejikeme and Ochonogor, 2008; Mahvi, 2008; Okpareke et al., 2009) . Ion exchange resins have also been used to remove heavy metals from wastewater (Boldaji et al., 2009; Rafati et al., 2010) . The potentials of activated carbon from the seed shell of fluted pumpkin (Telfairia Occidentalis) in accomplishing this pollution abatement is investigated in this work in laboratory. Kinetic and isotherm modeling were also carried out in the present study.
MATERIALS AND METHODS

Materials
Telfairia Occidentalis seed shells were collected in Nsukka environment, cleaned and ground. Particles passing through 1.75 mm sieve mesh size and retained in 1mm sieve mesh size were used in this work. The activated carbon was produced using the method of Kongsuwan et al., (2006) , with activation done by soaking the raw material in 60 % by weight phosphoric acid for 24 h. The product was washed with distilled water until the pH of the leachate was ~ 6. Then, it was dried in an air-drying oven at 105 °C for 4 h and stored in a dessicator. Stock solution (1000 mg/L) of lead was prepared using lead nitrate (Pb (NO 3 ) 2 ) and de-ionized water. All working solutions were prepared by proper dilution of the stock solution with de-ionized water.
Sorption experiments
Adsorption experiments were carried out by the batch process at a laboratory temperature of 30 ± 1°C for 4 h to ensure attainment of equilibrium. 2.0 g of adsorbent was added to 400 mL of adsorbate solutions of concentration 50, 100, 150 and 200 mg/L and mixed at a constant agitation speed of 400 rpm using an SM3 Stuart magnetic stirrer (Stuart Scientific Co. Ltd, Britain). 25 mL sample solution was withdrawn from the reaction mixture at fixed time intervals and filtered. The filtrates were then analyzed for residual metal concentration using an atomic absorption spectrometer (Buck Scientific, Model 210 VGP).
Isotherm study
The isotherm study was conducted by contacting 100 mL of adsorbates solution of concentration 50, 100, 150 and 200 mg/L with 0.5 g of adsorbent. At the end of 4 h, the reaction mixture was filtered and the filtrates analyzed for residual metal concentrations.
Kinetic models Bhattacharya-Venkobachar model
The Bhattacharya-Venkobachar equation is written as (Israel and Ekwumemgbo, 2008) :
K B is the Bhattacharya-Venkobachar's constant (1/min); C o is the initial concentration (mg/L); C t is the concentration at time t (mg/L) and C e is the concentration at equilibrium (mg/L). A plot of log [1-(U)T] versus t should yield a straight line, if the sorption process obeys this model. From the slope of the plot, K B can be determined.
Elovich model
The Elovich equation (Sparks, 1986 ) is generally expressed as:
Where, α is the initial adsorption rate (mg/g/min) and α is desorption rate constant (mg/g/min) during any one experiment. To simplify the Elovich equation, Chien and Clayton, (1980) assumed αβt >> t and by applying the boundary conditions q t = 0 at t = 0 and q t = q t at t = t, Eq. 3 yields Eq. 4.
Thus, a plot of q t vs. ln (t) should yield a linear relationship with a slope of (1/β) and an intercept of (1/ β) ln (αβ), if the sorption process fits the Elovich equation.
Pseudo first order model
The pseudo first order equation is generally expressed (Nassar, 1997) as:
Where, q e and q t are the adsorption capacity at equilibrium and at time t, respectively (mg/g) and k 1 is the rate constant of pseudo first order adsorption (1/min). After integration and applying boundary conditions, t = 0 to t = t and q t = 0 to q t = q t , Eq. 5 takes the form of Eq. 6.
A plot of log (q e -q t ) versus t should give a straight line, if the sorption is controlled by this model. k 1 and q e can be determined from the slope and intercept of the plot, respectively. The major disadvantage with this model is that in most cases, the equation does not fit well for experimental data over the entire range of contact time (Ho and Mckay, 1999) .
Pseudo-second order model
The pseudo second order adsorption kinetic rate equation as expressed by Ho et al., (2000) is
Where, k 2 is the rate constant of pseudo second order adsorption (mg/g/min). From the boundary conditions t = 0 to t = t and q t = 0 to q t = q t , the integrated form of equation (7) yields Eq. 8.
This is the integrated rate law for a pseudo second order reaction. Eq. 8 can be rearranged to obtain Eq. 9, which has a linear form. t/q t = 1/(k 2 q e 2 ) + t/q e
A plot of t/q t versus t should give a straight line, if this model is obeyed by the sorption process. From the slope and intercept of the plots, q e and k 2 are determined, respectively.
Intra-particle and film diffusion kinetics
The basic assumption with intra-particle diffusion model is that film diffusion is negligible and intraparticle diffusion is the only rate-controlling step (Venkata et al, 2008) . According to Weber and Morris, (1963) , if the rate limiting step is the intra-particle diffusion, then the amount adsorbed at any time t should be directly proportional to the square root of contact time, t and shall pass through the origin. This is defined mathematically as:
Where q t (mg/g) is the amount adsorbed at time t (min) and k id (mg/g/min -0.5 ) is the intra-particle rate constant. The logarithmic form of Eq. 10 is Eq. 11. log q t = log k id + 0.5 log t
The plot of log q t against 0.5 log t should yield a straight line with a positive intercept for intra-particle diffusion controlled adsorption process. k id is determined from the intercept of the plot. Higher values of K id illustrate an enhancement in the rate of adsorption. To confirm whether an adsorption process is controlled by intra-particle diffusion or film diffusion, the intra-particle diffusion coefficient, D P and the film diffusion coefficients, D F are usually calculated from Eq. 12 and 13, respectively.
Where 'r 0 ' (cm) is the average radius of the adsorbent particle and t 0.5 (min) is the time required to complete the half of the adsorption.
Where δ is the film thickness (10 -3 cm), C S and C L are the concentrations of adsorbate in solid and liquid phase at time t, respectively. If the calculated intraparticle diffusion coefficient (Dp) value are in the range of 10 -11 to 10 -13 cm 2 /s, then the intra-particle diffusion will be the rate determining step and, if the calculated film diffusion co-efficient (D F ) value is in the range of 10 -6 to 10 -8 cm 2 /s -1 , then the rate limiting step will be controlled by film (boundary layer) diffusion (Debnath and Gosh, 2008) .
Isotherms Langmuir isotherm
The Langmuir isotherm is usually expressed (Patel and Suresh, 2008) as:
Where, q e is the equilibrium value of adsorbate adsorbed per unit weight of adsorbent (mg/g), q max is the maximum amount of adsorption corresponding to monomolecular layer coverage (mg/g), C e is the equilibrium concentration of the adsorbate, k L is the Langmuir's constant and is related to the measure of affinity of the adsorbate for the adsorbent (L/mg). For correlation purposes, the equation is rearranged as shown in equation (15).
C e /q e = (1/k L .q max ) + (1/q max ).C e
A linearized plot of C e "q e against C e yields a straight line graph which has an intercept and slope which correspond to (1/k L /q max ) and (1/q max ), respectively, from which the q max and k L can be calculated. To confirm the favourability of an adsorption process to Langmuir isotherm, the essential features of the isotherm can be expressed in terms of a dimensionless constant separation factor or equation parameter, R L , which can be calculated as:
Where, C o is the initial adsorbate concentration. The value of R L indicates whether the isotherm is irreversible (R L =0), favourable (0 < R L < 1), linear (R L = 1) or unfavourable (R L >1) (Kadirvelu and Namasivayam, 2003) .
Freundlich Isotherm
The Freundlich relationship is given as:
Where, 1/n is a heterogeneity factor, which is a measure of intensity of sorption or affinity of the adsorbate for the adsorbent and is less than 1 if the adsor ption pr ocess is favour able; k F is th e Freundlich constant, wh ich is a measure of adsorption capacity (mg/g) (Faust and Osman, 1987) . The Freundlich equation can be linearized as shown in Eq. 18.
log q e = log k F + 1/n log C e (18)
The constants, k F and n, are determined by plotting log C on the abscissa and log q e on the ordinate. A best fit of the experimental data provides values for n and k F based on the slope and the y-intercept, respectively. Fig. 1 shows the dependence of the amount of metal adsorbed on contact time and initial metal ion concentration. There was an initial rapid sorption for about 50 min of agitation after which the rate of sorption became slower. After 130 -170 min of agitation, equilibrium was attained. The rapid initial sorption was likely due to extra-cellular binding and the slower sorption likely resulted from intracellular binding (Ferguson et al, 1989) as the carbon surfaces were being covered. The plots of metal uptake as a function of time are single, smooth and continuous leading to saturation. This suggests possible monolayer coverage of the metal ions on the surface of the adsorbent (Pimentel et al., 2008) . The amount of metal adsorbed per unit weight of carbon was found to increase with increase in metal concentration as increased initial concentrations increased the driving force (Kilic et al., 2008; Zvinowanda et al., 2009) .
RESULTS AND DISCUSSION
Effects of contact time and initial metal ion concentration
Kinetic studies
The Bhattacharya-Venkobachar plots at various concentrations are shown in Fig. 2 , while the Elovich, pseudo first order and second order plots are shown in Figs. 3, 4 and 5, respectively. A comparison of the kinetic models using the linear regression coefficient (R 2 ) values (Table 1) shows that the pseudo second order model best describes the adsorption processes (R 2 > 0.995). Vinodhini and Das, (2010) also reported a pseudo second order kinetics for the removal of chromium (VI) ions from aqueous solutions. The experimental q e were found to be close to the estimated one, increasing with increasing concentration. Values of k 2 were found to decrease with increasing initial metal ion concentration which suggests increased adsorption (Debnath and Gosh, 2008) .
Intra-particle and film dffusion kinetics
The Weber and Morris plots (Fig. 6 ) are not completely linear suggesting that intra-particle diffusion is not the rate determining step. Also, the values of the intra-particle diffusion coefficients, D P are not in the range of 10 -11 to 10 -13 cm 2 /s but 10 -3 to Fig. 6: Weber and Morris (1963) (Table 2 ). This confirms that the particle diffusion is not the rate determining step. However, the film diffusion co-efficient (D F ) values are of the order of 10 -6 cm 2 /s ( Table 2) showing that the rate limiting step is be controlled by film (boundary layer) diffusion.
Isotherm study Langmuir isotherm
The Langmuir plot is shown in Fig. 7 and the values of the constants are shown in Table 3 . The graph is linear, with a reasonably high linear regression coefficient (R 2 ) value (0.900) suggesting that the adsorption process obeys the Langmuir model. Also, the R L value is 0.111, showing that the Langmuir isotherm is favourable (Mattson and Mark, 1971) . Therefore, the adsorption of Pb (II) on the activated carbon can be said to be monolayer-type and this agrees with the observation that the adsorption from an aqueous solution usually forms a layer on the adsorbent surface.
Freundlich isotherm
The plot of Freundlich equation is shown in Fig. 8 and the values of the constants are shown in Table 4 . The linear regression coefficient (R 2 ) value is comparatively low (0.721) suggesting that this model is not so suitable for the description of the adsorption process.
CONCLUSION
The experimental results obtained in this work show the possibility of producing activated carbons with good adsorption capacity from Telfairia Occidentalis seed shell. The kinetic data agree very well with the pseudo-second order equation and the rate is film (boundary layer) diffusion controlled. Isotherm analysis sh owed th at the adsorption process described Langmuir Isotherm better than the Freundlich Isotherm.
